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(54) Water-absorbing agent and production process therefor 

(57) The invention provides a water-absorbing agent, which has high absorption capacity and excellent absorption 
efficiency under increased pressure and can display excellent water absorption properties when used for sanitary mate- 
rials even if the resin concentration of a water-absorbent resin is high. The water-absorbing agent has an absorption 
capacity of 30 (g/g) or more and the below-defined absorption efficiency of 0.7 or more under increased pressure. This 
agent can be obtained by heating in the presence of a surface-crosslinking agent a water-absorbent resin having an 
absorption capacity of 40 (g/g) or more and an amount of an eluting component of 1 wt % or less relative to the water- 
absorbent resin, or by: polymerizing a water-absorbent resin in the presence of a chain transfer agent; treating the 
polymerized resin with a hydrophilic solution; and heating the treated resin in the presence of a surface-crosslinking 
agent. 
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Description 

BACKGROUND OF THE INVENTION 

5 A. IE£HNj£A! p»=» n 
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for thin type absorbent matters containing water-absorbent resins of high concentration, can be relatively enhanced by 
the above-mentioned surface-crosslinking methods, but sufficient absorbency can be displayed with regard to the 
entirety of the absorbent matter. 

5 SUMMARY OF THE INVENTION 

A. OBJECT OF THE INVENTION 

An object of the present invention is to provide: a water-absorbing agent which, when used for a thin type absorbent 
10 matter containing a water-absorbent resin of high concentration, can display not only high absorption capacity under an 
increased pressure but also sufficient absorbency of the absorbent matter; and a production process for the water- 
absorbing agent. 
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B . P I S Ck QS U RE Q F THE INVE NTION 



According to the present inventor's findings, even a water-absorbing agent having high absorption capacity under 
an increased pressure cannot display sufficient absorbency of an absorbent matter when there is a great difference 
between swelling capacities at upper and lower positions in a swollen gel layer of a water-absorbent resin which is 
present in high concentration and in high density of the spread and when the resin cannot swell so uniformly that inher- 
20 ent absorbency of the resin can be displayed. 

Thus, the present inventors further studied to obtain a. water-absorbent resin having not only high absorption 
capacity under an increased pressure but also properties (which may hereinafter be referred to as absorption efficiency 
under an increased pressure) in which: even when the water-absorbent resin is present in high concentration and in 
high density of the spread, there is only a small difference between swelling capacities at upper and lower positions in 
25 a swollen gel layer of the resin, and the resin can swell so uniformly that inherent absorbency of the resin can be dis- 
played. As a result, the inventors attained the present invention. 

That is to say, in the present invention, the absorption capacity under an increased pressure is high, and the 
absorption efficiency under an increased pressure is also excellent, and excellent water absorption properties can be 
displayed even if the resin concentration of a water-absorbent resin is enhanced when the resin is used for sanitary 
30 materials, and the water absorbency of the resin can efficiently be displayed even under high concentration. 

The present invention provides: 

"a water-absorbing agent, having an absorption capacity of 30 (g/g) or more and an absorption efficiency of 0.7 or 
more under an increased pressure, wherein the absorption efficiency under the increased pressure is shown by the 
35 following equation: 



40 



absorption efficiency under increased pressure = water absorbing agent under increased pressure 

absorption capacity of lower swollen gel layer of 



absorption capacity of upper swollen gel layer of 
water absorbing agent under increased pressure 
absorption capacity of lower swollen gel layer of 
water absorbing agent under increased pressure 



"a water-absorbing agent, having an absorption capacity of a lower swollen gel layer of 45 (g/g) or more and an 
absorption efficiency of 0.4 or more under an increased pressure, wherein the absorption efficiency under the 
45 increased pressure is shown by the following equation: 



50 



absorption capacity of upper swollen gel layer of 
water absorbing agent under increased pressure 
absorption capacity of lower swollen gel layer of 
water absorbing agent under increased pressure 



"a water-absorbing agent, having an absorption capacity of a lower swollen gel layer of 30 (g/g) or more and an 
absorption efficiency of 0.3 or more under an increased pressure, wherein the absorption efficiency under the 
55 increased pressure is shown by the following equation: 
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absorption capacity of upper swollen gel layer of 
absorption efficiency under increased pressure = water absorbing agent under increased pressu re 
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addition, the water-absorbent resin is more preferably such as can be handled as a powder having a water content of 
10 % by weight or less, most preferably, 5 % by weight or less, of the water-absorbent resin. 

A typical example of the water-absorbent resin is a hydrophilic polymer having a crosslinked structure as obtained 
by polymerizing a hydrophilic monomer comprising a major proportion of acrylic acid or a salt thereof. Examples of such 

5 a hydrophilic polymer include: partially neutralized, crosslinked polyacrylic acid polymers; crosslinked and partially neu- 
tralized starch-acrylic acid graft polymers; isobutylene-maleic acid copolymers; saponified products of vinyl acetate- 
acrylic acid copolymers; hydrolyzed products of acrylamide (co)polymers; hydrolyzed products of acrylonitrile poly- 
mers. Particularly, polyacrylic salt-crosslinked polymers are preferable. As to the polyacrylic salt-crosslinked polymers, 
it is preferable that 50-95 mol %, more preferably, 60-90 mol %, of acid groups in the polymers are neutralized. Exam- 

w pies of the salt include alkaline metal salts, ammonium salts, and amine salts. The neutralization may be carried out 
either to a monomer before polymerization or to a hydrogel polymer during or after polymerization. 

The water-absorbent resin as used in the present invention may be such as obtained by (co)polymerizing mono- 
mers other than the above-mentioned acrylic acid and salt thereof as preferably used as the major monomer compo- 
nent. Specific examples of the above-mentioned other monomers include: anionic unsaturated monomers, such as 

15 methacrylic acid, maleic acid, vinylsulfonic acid, styrenesulfbnic acid, 2-(meth)acrylamido-2-methylpropanesulfbnic 
acid, 2-(meth)acryloylethanesulfonic acid, and 2-(meth)acryloylpropanesulfbnic acid, and salts thereof; nonionic 
hydrophilic group-containing unsaturated monomers, such as acrylamide, methacrylamide, N-ethyl(meth)acrylamide, 
N-n-propyl(meth)acrylamide, N-isopropyl(meth)acrylamide, N,N-dimethyt(meth)acrylamide, 2-hydroxyethyl (meth)acr- 
ylate, 2-hydroxypropyl (meth)acrylate, methoxypolyethyiene glycol (meth)acrylate, polyethylene glycol mono(meth)acr- 

20 ylate, vinylpyridine, N-vinylpyrrolidone, N-acryloylpiperidine, and N-acryloylpyrrolidine; cationic unsaturated monomers, 
such as N,N<iimethylaminoethyl (meth)acrylate, N.N-diethyiaminoethyl (meth)acrylate, N,N<iimethylaminopropyl 
(meth)acrylate, and N,N-dimethylaminopropyl(meth)acrylamide, and quaternary salts thereof. The amount of these 
monomers other than acrylic acid, as used, is usually in the range of from 0 mol % to less than 50 mol %, and preferably 
in the range of from 0 to 30 mol %, but the amount is not especially limited to these ranges. 

25 Examples of the crosslinked structure of the water-absorbent resin as used in the present invention include: a self- 
crosslinked type without any crosslinking agent; and a type as formed by copdymerizing or reacting an interna! 
crosslinking agent having two or more polymerizable unsaturated groups or two or more reactive groups. Although the 
type as formed by copolymerizing or reacting the internal crosslinking agent is preferable, the crosslinking density 
needs to be adjusted such that the absorption capacity with a physiological salt solution can be 40 (g/g) or more. 

30 Specific examples of the internal crosslinking agent include N.N'-methylenebis^ethJacrylamide, (polyethylene 
glycol di(meth)acrylate, (polypropylene glycol di(meth)acrylate, trimethylolpropane tri(meth)acrylate, trimethylolpro- 
pane di(meth)acrylate, glycerol tri(meth)acrylate, glycerol acrylate methacryiate, ethylene oxide-modified trimethylol- 
propane tri(meth)acrylate, pentaerythritol tetra(meth)acrylate, dipentaerythritol hexa(meth)acrylate, triallyl cyanurate, 
triallyl isocyanurate, triallyl phosphate, triallylamine, poly(meth)al!yloxyalkane, (poly)ethylene glycol digiycidyl ether, 

35 glycerol digiycidyl ether, ethylene glycol, polyethylene glycol, propylene glycol, glycerol, pentaerythritol, ethylenedi- 
amine, polyethyleneimine, glycidyl (meth)acrylate. In addition, these internal crosslinking agents may be used in com- 
binations of two or more thereof. Particularly, considering water absorption properties of the resultant water-absorbent 
resin, it is preferable to essentially use a compound having two or more polymerizable unsaturated groups as the inter- 
nal crosslinking agent. The amount of the internal crosslinking agent, as used, is in the range of 0.005 to 3 mol %, more 

40 preferably, 0.01 to 1 .5 mol %, of the aforementioned monomer component. 

In addition, when the polymerization is carried out. hydrophilic high molecules, such as starch-cellulose, derivatives 
of starch-cellulose, polyvinyl alcohol, polyacrylic acid (salt), and polyacrylic acid (salt)-crosslinked matters, or chain 
transfer agents, such as hypophosphorous acid (salt), may be added. 

When the above-mentioned monomer comprising a major proportion of acrylic acid or a salt thereof is polymerized 

45 to obtain the water-absorbent resin as used in the present invention, bulk polymerization or precipitation polymerization 
can be carried out Considering the performance or the ease of controlling the polymerization, however, it is preferable 
to carry out aqueous solution polymerization or reversed-phase suspension polymerization using an aqueous solution 
of the monomer. 

In addition, when the polymerization is carried out, the following can be used: radical polymerization initiators such 
so as potassium persulfate. ammonium persulfate, sodium persulfate, t-butyl hydroperoxide, hydrogen peroxide, and 2,2'- 
azobis(2-amidinopropane) dihydrochloride; active energy rays such as ultraviolet rays and electron rays. In addition, 
when oxidizable radical polymerization initiators are used, they may be used in combination with reducing agents, such 
as sodium sulfite, sodium hydrogen sulfite, ferrous sulfate, and L-ascorbic acid, to carry out redox polymerization. The 
amount of these polymerization initiators is usually in the range of 0.001 to 2 mol %, preferably, 0.01 to 0.5 mol %, of 
55 the aforementioned monomer component. 

Water-absorbent resins, having various shapes such as amorphous pulverized shapes, spheres, fibers, sticks, 
approximate spheres, and flat shapes, resultant from the above-mentioned polymerization, can be used in the present 
invention. However, a preferable one has an average particle diameter of 200 to 600 jim, and a more preferable one 
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contains parses of 150 m or smaller in a ratio of 10 % by weight or less, more preferably, 5 % by weight or less 
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water-absorbent resin is swol^ 

wm^mmmm. 

follow"^ 

torn DM treatto, sobton by decantato, I S£m£XTjE£ UfT* 1 f ** ls **" separa, «' 
the eluting component. In addition, when the batch manner is carried out th* T ,n£I? t redu ° n ? the a" 10 ""* °» 

eluting component is relatively lame in the ^n^TL . . ! relatively short. Therefore, the amount of the 
weigh^tbT^ 

removed by treating with a hydrophilic solution ' e,Utl " 9 com P° nerrt easily be 

The water-solubJe chain transfer agent as used in the present invention is not especially limited if it can dissolve in 



6 



EP0 837 076 A2 



water or hydrophilic monomers, and examples thereof include thiols, thiol acids, secondary alcohols, amines, hypo- 
phosphorous add (salts). Specifically, the following can be used: mercaptoethanol, mercaptopropanol, dodecylmer- 
captan, thioglycolic acid, thiomalic acid, 3-mercaptopropionic acid, isopropanol, hypophosphorous acid, formic acid, 
and salts thereof. One or more types selected from the group consisting of these compounds can be used, but hypo- 

5 phosphorous acid (salts), such as sodium hypophosphite, and thiols are preferably used in terms of effects thereof. 

The amount of the water-soluble chain transfer agent, as used, depends on the type or amount of the water-soluble 
chain transfer agent as used or on the concentration of the aqueous hydrophilic-monomer solution, but the amount of 
the water-soluble chain transfer agent, as used, is preferably in the range of 0.001 to 1 mol %, more preferably, 0.005 
to 0.3 mol %, of the hydrophilic monomer. 

w As to methods for reducing the amount of the eluting component other than methods (1) and (2) above, a method 
can also be exemplified in which the resultant water-absorbent resin is heated in the presence of a surface-crosslinking 
agent. 

The surface-crosslinking agent, which can be used to heat in the presence thereof the water-absorbent resin which 
is obtained in the above-mentioned way and contains only a small amount of the eluting component, has a functional 

is group that is reactive upon a functional group, for example, an acid group, of the water-absorbent resin, and conven- 
tional crosslinking agents as used for surface-crosslinking are usually exemplified. Where the functional group of the 
water-absorbent resin is a carboxyl group, examples of the surface-crosslinking agent include one or more types 
selected from the group consisting of: polyhydric alcohol compounds such as ethylene glycol, diethylene glycol, propyl- 
ene glycol, Methylene glycol, tetraethylene glycol, polyethylene glycol, 1 ,3-propanediol, dipropylene glycol, 2,2,4-trime- 

20 thyl-1,3-pentanediol, polypropylene glycol, glycerol, polyglycerol, 2-butene-1,4-diol, 1,4-butanediol, 1,5-pentanediol, 
1,6-hexanediol, 1 ,2-cyclohexanedimethanol, 1,2-cyclohexanol, trimethylolpropane, diethanolamine, triethanolamine, 
polyoxypropylene, oxyethylene oxypropylene block copolymers, pentaerythrrtol, and sorbitol; polyepoxy compounds 
such as ethylene glycol diglycidyl ether, polyethylene diglycidyl ether, glycerol polyglycidyl ether, diglycerol polyglycidyl 
ether, polyglycerol polyglycidyl ether, propylene glycol diglycidyl ether, polypropylene glycol diglycidyl ether, and glyti- 

25 dol; polyamine compounds such as ethylenediamine, diethylenetriamine, triethylenetetramine, tetraethylenepentamine, 
pentaethylenehexamine, polyallylamine, and polyethyleneimine; polyisocyanate compounds such as 2,4-tolylene diiso- 
cyanate and hexamethylene diisocyanate; polyoxazoline compounds such as 1,2-ethylenebisoxazoline; alkylene car- 
bonate compounds such as 1 ,3-dioxolan-2-one, 4-methyl-1,3-dioxolan-2-one, 4,5-dimethyl-1,3-dioxolan-2 one, 4,4- 
dimethyl-1 ,3-dioxolan-2-one, 4-ethyl-1,3-dioxolan-2-one, 4-hydroxymethyl-1,3-dioxolan-2-one, 1,3-dioxan-2-one, 4- 

30 methyl-1,3-dioxan-2-one, and 4,6-dimethyl-1,3-dioxan-2-one; haloepoxy compounds such as epichlorohydrin, epibro- 
mohydrin, and a-methylepichlorohydrin; polyvalent metal compounds such as hydroxides and chlorides of zinc, cal- 
cium; magnesium, aluminum, iron, and zirconium. Preferable surface-crosslinking agents comprise at least one type 
selected from the group consisting of polyhydric alcohol compounds, polyamine compounds, polyepoxy compounds, 
and alkylene carbonate compounds. 

35 These surface-crosslinking agents may be used alone respectively or in combinations of two or more thereof. 
Where two or more surface-crosslinking agents are used, the surface-crosslinking can be carried out using the two or 
more surface-crosslinking agents separately in two or more steps, but on some occasions, it might be preferable to mix 
the two or more surface-crosslinking agents together at once because the water absorption capacity tends to decrease 
due to the surface-crosslinking treatment. 

40 The amount of the surface-crosslinking agent as used in the present invention depends on its type or purpose, but 
the amount is usually in the range of 0.001 to 10 parts by weight, preferably, 0.01 to 5 parts by weight, per 100 parts by 
weight of the solid content of the water-absorbent resin according to the present invention. If the amount is within these 
ranges, the water-absorbing agent that is excellent in absorption capacity and absorption efficiency under an increased 
pressure can be obtained. The amount of the surface-crosslinking agent of larger than 10 parts by weight is not only 

45 uneconomical but also tends to be excessive for attaining proper surface-crosslinking effects and might excessively 
reduce the absorption capacity. On the other hand, where the amount is smaller than 0.001 parts by weight, it might be 
difficult to obtain effects for enhancing the absorption properties under an increased pressure. 

Apparatuses as used to mix the water-absorbent resin and the surface-crosslinking agent together in the present 
invention may be conventional ones, and examples thereof include cylinder type mixers, screw type mixers, screw type 

so extruders, Turbulizers, Nauta type mixers, V-type mixers, ribbon type mixers, double arm type kneaders, flow type mix- 
ers, gas stream type mixers, rotatory disk type mixers, roll mixers, tumbling type mixers. The mixing speed may be 
either high or low. 

When or after the water-absorbent resin and the surface-crosslinking agent are mixed together, water, steam, or 
aqueous solutions comprising water and hydrophilic organic solvents may further be added before carrying out a 
55 crosslinking reaction, because the absorption properties under an increased pressure might favorably greatly be 
improved by afterward adding water, steam, or the aqueous solutions in the case where the crosslinking agent, like pol- 
yhydric alcohols, polyepoxy compounds, and alkylene carbonate compounds, reacts with the water-absorbent resin 
through covalent bonding. Examples of the hydrophilic organic solvent as used in such a case include: lower alcohols 
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J?" ™W alcon °'' eth y | alcoho1 ' ""Propyl a'«>hol, iso-propyl alcohol, n-butyl alcohol, iso-butyl alcohol and t-butyl 
•total; ketones such as acetone; ethers such as dioxane and tetrahydrofuran; amides such as N N<ta!ZS 
mide; sulfowdes such as dimethyl sulfoxide. The optimal amount of water, as used in that case defend? onZ MvTi 

EE? i ? ? r6Sia bUt the ° Ptimal 9m0Unt is USual * * 2 C S5 S weight OM^ 

a^unXl h H Par S bV We ' 9ht - T 100 ^ by W6i9ht ° f the S0,id «* h-Bfcn. SmmS 

amount of the hydrophihc orgamc solvent as used is usually in the range of 10 parts by weight or less prefe raWv o 1 to 
5 parts by weight, per 100 parts by weight of the solid content of the resin. preferably. 0.1 to 

In the present invention, after the water-absorbent resin and the surface-crosslinkino aaent are mixed tnnethor «» 

■ SaT^^ 

ZXEZFZESIZi therefore f ^ USe the reduction of the P rodu «mty. and further, uniform crossing ITS 
be achieved so the objective resin of the present invention having high water absorption properties under an increased 
pressure might not be obtained. In addition, where the heating treatment ter^Lure^er ^TaoTtSe 
reduced amount of the eluting component might increase and it might be difficult^ enhance the absorrtion efficiency 
1 ■ k 1 PreSSUre> The hSating treatment temperature depends on the type of thVcSSno aaert as 

SS ^ heati " 9 treatm6nt temP6ratUre iS preferab * in the «*• - 80 toSo »C still Te pSeriTy 12 0 

mivrlJ^^S 9 'T*" 16 "' 08,1 be cmrt8d 0Ut usi " 9 convemion e' dryers or heating ovens, for example channel type 
The production process (comprising the steps of: obtaining first a water-absorbent resin which has »>ZL 

SETS?* ^I" 6 or T e J nd of which the amount of the e,utin 9 ToTJ SL^STK 

S hT 961, 18 redUCed t0 8 Sp6Ci,iC Value or less: and tnen crosslinking the surface the Sin) is 
explained above as a process for obtaining the present invention water-absorbing agent that >wZ^«! 
absorption capacity under an increased pressure and in the absorption eff fciency uncTa £. eaS Z 
SiE"" ^ ° btainin9 ,hS * *. present invention Is not limited KEGELS 

ESEEEEftJ 1 Wat6r - ab f rt,in9 <*" also b * ^ined by a process coming SJS 
crosshntong the neighborhood of the surface of a particle of a specific particle size range in a specific manner to give 
the particle a crossl.nk.ng density gradient of specificity. Hereinafter, this manner is explained 9 

That is to say. the water-absorbing agent of the present invention can also be obtained in a manner that- the oarticle 
diameter of a water-absorbent resin, as preferably obtained by aqueous solution polme^^J^S^ 

is then heated in the presence of two or more surface^rosslinking agents of different solubility parameter ranges 

that Efi^ESS ,a " th ! I" 96 ° f fr0m 106 10 ,6SS ,han 500 reSfheS means 
11K Jf *"e particle size range of from 106 „m to less than 500 M m comprise the major percentage bv 

«h J? ab ° ve - mentioned water-absorbent resin may be granulated to predetermined shapes and may have various 
shapes such as spheres, scales, amorphous pulverized shapes, and granules. In addition the wTteT^rbenTre^n 
may comprise either a primary particle or a granulated matter of primary particles. Where heTticle dSmetTr fe S 

mg excellent properties such as absorption efficiency under an increased pressure 

If a water-absorbent resin, as obtained by polymerizing acrylic acid as the monomer and neutralizing the resultant 
polymer gel afterward, is used as the above-mentioned water-absorbent resin, a water-ab^noSn? h^nTmore 

pj^ 

SE^SE ? 2 , 7 h * 539 * P T eTHandb0 ° K ^ « H0n «" WILEY 'NTERSC.ENCE n£SS?W 

2222? " edtotheprese u nt ,nvenfcon - ln Edition, as to solubility pararneters of solvents as are not disclosed^ 
above-cted pages a value that is led by substituting Hoy's cohesive energy constant (as disclosed on m£ I he 
^mentioned Poiymer Handbook ) into Small's equation (as discfosedon page L of S^SSSSR 

As to the two or more surface-crosslinWng agents of different solubility parameter ranges a first surface-crosslink 

second sunace.crossl.nk,ng agent has a solubility parameter of less than 12.5 Real/cm^] and canJeart wS a car 
boxy, group. Although not clear, the reason why the water-absorbing agent having excellent absorption capldty fnd 
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absorption efficiency under an increased pressure is obtained by combining the first and second surface-crosslinking 
agents having different solubility parameters from each other seems to be that the permeation of the crosslinking 
agents into the surface of the water-absorbent resin or the thickness of the crosslinking are controlled. 

Specific examples of the first surface-crosslinking agent include ethylene glycol, propylene glycol, ethylene carbon- 

5 ate, and propylene carbonate, and one or more type selected from the group consisting of these compounds can be 
used. In addition, specific examples of the second surface-crosslinking agent include diethylene glycol, triethyiene gly- 
col, tetraethylene glycol, dipropylene glycol, 1,3-butanediol, 1 ,4-butanediol, 1,5-pentanediol, ethylene glycol diglycidyl 
ether, polyethylene glycol diglycidyl ether, glycerol polyglycidyl ether, diglycerol pdyglycidyt ether, polyglycerol polygly- 
cidyl ether, propylene glycol diglycidyl ether, diethylenetriamine, triethylenetetramine, and epichlorohydrin, and one or 

10 more type selected from the group consisting of these compounds can be used. 

The first and second surface-crosslinking agents can be used separately, but in terms of the simplicity it is prefera- 
ble to use them simultaneously. 

The amount of the surface-crosslinking agent as used depends on the compounds or combinations thereof as used 
as the surface-crosslinking agent, but the amount of the first surface-crosslinking agent is preferably in the range of 0.01 

15 to 5 parts by weight, more preferably, 0.1 to 2 parts by weight, per 1 00 parts by weight of the solid content of the water- 
absorbent resin, and the amount of the second surface-crosslinking agent is preferably in the range of 0.001 to 1 part 
by weight, more preferably, 0.005 to 0.5 parts by weight, per 100 parts by weight of the solid content of the water- 
absorbent resin. The use of too large an amount of the surface-crosslinking agent is unfavorably uneconomical. In addi- 
tion, where the amount of the surface-crosslinking agent is too small, it is unfavorably difficult to obtain effects for 

20 enhancing the absorption efficiency under an increased pressure with regard to the water-absorbent resin. 

When the water-absorbent resin and the surface-crosslinking agent are mixed together, it is preferable to use water 
as the solvent. The amount of water as used depends on the type or particle size of the water-absorbent resin, but the 
amount is preferably in the range of from more than 0 parts by weight to not more than 20 parts by weight, and more 
preferably, in the range of 0.5 to 1 0 parts by weight, per 1 00 parts by weight of the solid content of the water-absorbent 

25 resin. 

In addition, when the water-absorbent resin and the surface-crosslinking agent are mixed together, a hydrophilic 
organic solvent may be used as the solvent if necessary. Examples of the hydrophilic organic solvent include: lower 
alcohols such as methyl alcohol, ethyl alcohol, n-propyi alcohol, isopropyl alcohol, n-butyl alcohol, isobutyl alcohol, and 
t-butyl alcohol; ketones such as acetone; ethers such as dioxane and tetrahydrofuran; amides such as N,N-dimethylfor- 

30 mamide; sulfoxides such as dimethyl sulfoxide. The amount of the hydrophilic organic solvent as used depends on the 
type or particle size of the water-absorbent resin, but the amount is preferably in the range of 20 parts by weight or less, 
more preferably, 0.1 to 10 parts by weight, per 100 parts by weight of the solid content of the resin. 

When the water-absorbent resin and the surface-crosslinking agent are mixed together, the water-absorbent resin, 
for example, may be dispersed into the above-mentioned hydrophilic organic solvent, and then the surface-crosslinking 

35 agent may be mixed into the resultant dispersion. However, the mixing method is not especially limited. In a preferable 
one of various mixing methods, the surface-crosslinking agent, as dissolved in either or both of water and the 
hydrophilic organic solvent as need arises, is directly sprayed or dropped to the water-absorbent resin, thus mixing the 
water-absorbent resin and the surface-crosslinking agent together. In addition, where the mixing is carried out using 
water, a water-insoluble fine particle powder or a surfactant may be allowed to coexist. 

40 Mixing apparatuses, as used to mix the water-absorbent resin and the surface-crosslinking agent together, prefer- 
ably has great mixing force to uniformly and surely mix them together. Preferable examples of such apparatuses include 
cylinder type mixers, double-wall cone type mixers, V-character type mixers, ribbon type mixers, screw type mixers, flu- 
idized-oven rotary disk type mixers, gas stream type mixers, double arm type kneaders, internal mixers, pulverizing type 
mixers, rotatory mixers, screw type extruders. 

45 After the water-absorbent resin and the surface-crosslinking agent are mixed together, the neighborhood of the sur- 
face of the water-absorbent resin is crosslinked by carrying out a heating treatment. Although the treatment tempera- 
ture of the healing treatment depends on the surface-crosslinking agent as used, the treatment temperature is generally 
in the range of 90 to 250 °C. Where the treatment temperature is lower than 90 °C, no uniform crosslinking structure is 
formed, and therefore, the water-absorbing agent with excellent properties such as diffusion absorption capacity unfa- 

50 vorably cannot be obtained. Where the treatment temperature is higher than 250 °C, the deterioration of the water- 
absorbing agent is caused, and therefore, the performance of the water-absorbing agent unfavorably becomes bad. 
The heating treatment temperature is more preferably in the range of 160 to 250 °C. 

The above-mentioned heating treatment can be carried out using conventional dryers or heating ovens. Examples 
of the dryers include channel type mixing and drying devices, rotary dryers, desk dryers, f luidized-bed dryers, gas 

55 stream type dryers, infrared dryers. 

The water-absorbing agent of the present invention, as obtained in the above-mentioned way, is as follows: water- 
absorbing agent (1), which has an absorption capacity of 30 (g/g) or more under an increased pressure and an absorp- 
tion efficiency of 0.7 or more under an increased pressure, wherein the absorption efficiency under an increased pres- 
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SSJifS 38 3 rati ° betWe r absor P tion in di «ctions of the height of a swollen gel in the measurement 

of the absorpt,on capacrty; and/or water-absorbing agent (2). which has an absorption capacity of 45 (g/g) or more 
under an .ncreased pressure with regard to a lower layer near a liquid-absorbing portion of the swollen gel of afteX 
above.ment.oned measurement, and which has the above-mentioned absorption efficiency of 0.4 or more under an 
■ncreased pressure The ratio between absorption capacities in directions of the height of a swoL™et is a ratio 
benyeen an absorption capacrty of the gel at a layer portion in the neighborhood of a portion contacting aSquid anZ 
absorption capacity of the gel at a layer portion, which does not directly contact the liquid and is the LthS from tSe 
^S- "If ^ Wh6re * he 961 fe SW0 " en in ' ayered form under an ^creased pressure. In the present ^rrt^ thTs raSo 

to an absorption capacity of a lower swollen gel layer, which is near the liquid-absorbing portion, after the bekwW 
2— W V* *e abso^tion capacity under an increased pressure is made. arS furthermor JSS 
be called the absorption efficiency under an increased pressure. «'"»wy 
Conventionally known water-absorbent resins merely have an absorption efficiency, as defined as the ratio 
betweenabsorption capacities in directions of the height of a swollen gel. of at most about 0.5 to abotrt 0 6 under In 

Z7<* P H L eSSUre T 1 !T r6SinS ^ h '' 9h abS ° rpti0n under an increased Pressure^ter^Sing 

agent (1) above, according to the present invention, displays an absorption efficiency, as defined as the ratio between 
absorption capacities in directions of the height of a swollen gel. of 0.70 or more, preferably, a? sVmore «3TS 

J^e^Xr^ure " 9 " *° im ° f m pre * erab,y ' 35 «*> or Sunder an 

In addition, conventionally known water-absorbent resins usually merely have an absorption capacity of a lower 

ent resins have an absorption capacity of a lower swollen gel layer of more than 45 (g/g). Water-absorbing aaent (» 
above, according to the present invention, however, displays a very high value of the SrptS capa*?5 £ 2we 
swolten gellayer. namefy, 45 (g/g) or more, under an increased pressure and therefore Mhtr natThJhabsoZ 
capa«ty under an increased pressure as the whole of the water-absorbing agertrt the water-absorbi^ 
atively high absorption efficiency of 0.4 or more. «***u«ng ageni nas a rei- 

The present invention further provides water-absorbing agent (3), wherein the water-absorbing agent havina a 

£2J , th ° absorp,,on and »e ab«"P«on capacrty of the lower swollen gel layer unde an 

ncreased pressure. That ,s to say. if the relationship between the absorption efficiency and the absorption 
the lower swollen gel layer under the increased pressure is defined by the following equation: 

absorption efficiency under increased pressure > 1 .82-2.93x 10 2 x 
(absorption capacity of lower swollen gel layer under increased pressure), 

the absorption capacity under the increased pressure is high as the whole of the water-absorbing agent However 
where the absorption capacity of the lower swollen gel layer is extremely low, the absorption SdSTiw 7ta 

£££ n? ttl T r - abS °* in9 ^ ^ " th6 abS ° rpti0n eff,Ciency is ^ ***** Slower M oTthe aSorptil 
S ££E , rT 961 T iS 33 30 (9/9) - Similarly ' where the ^tion efficiency is extreSyTow 

'fj 0 * « the w "ole °* *e water-absorbing agent even if the absorption capacity of the S 
swotien gel layer is high. Therefore, the lower limit of the absorption efficiency is defined as 0 3 

The water-absorbing agent of the present invention has not only excellent absorption properties under an 
increased pressure but also properties in which: there is only a small difference between Celling 
and lower posrtions ,n a swollen get layer, and the resin can swell so uniformly that inherent absorbency of the rln can 

£ If" h I' r t r abS °* ing 39ent> *• 6ntirety 01 the resin «" be — ^h very good SS^TSS 
ingly. even where used for thin type absorbent articles (e.g. disposable diapers) containing water-absorb JreS of 
Nh concentration, the water-absorbing agent of the present invention displays excellent absorption 
absorption efhcency under a high load. Therefore, the amount of liquids, as absorbed till leaking, is enhanSd 

(Effects and Advantages of the Invention): 

«, a J h t Wa ! er " abS ° rbin9 T 3nd 1,16 P roduction P roce ss therefor, according to the present invention, can provide a 

Accordingly, when the water-absorbent resin is used under high concentration conditions of 50 wt % or more (ratio 
to the sum total of the water-absorbent resin and fibrous materials such as pulp) in water-absorbent artcleTsuch as 
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disposable diapers and sanitary napkins, as obtained by combining the water-absorbent resin with fforous materials, 
the water-absorbing agent of the present invention can display sufficient absorbency even if a heavier load is applied, 
and in addition, the water-absorbing agent of the present invention has properties in which there is only a small differ- 
ence between swelling capacities at upper and lower positions in a swollen gel layer and in which the resin can swell so 

5 uniformly that inherent absorbency of the resin can be displayed, and further, the entirety of the resin can be used with 
very good efficiency. Therefore, the invention can reduce the amount of the resin as used, and can provide further 
thinned absorbent articles. Furthermore, the water-absorbing agent of the present invention can favorably be used for 
various purposes, for example, for humor absorbent articles (e.g. injury-protecting materials, injury-healing materials), 
drip absorbent materials for food, freshness-maintaining materials for food, water-cutoff materials, soil water-holding 

10 materials. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the present invention is more specifically illustrated by the following examples of some preferred 
75 embodiments in comparison with comparative examples not according to the invention. However, the present invention 
is not limited to the below-mentioned examples. In addition, in the present invention, the performance of the water- 
absorbing agent was measured by the following methods: 

(a) Absorption capacity: 

20 

A nonwoven fabric bag (60 mm x 60 mm), in which 0.2 g of water-absorbing agent was put uniformly, was immersed 
into a 0.9 wt % aqueous sodium chloride solution (physiological salt solution). After 60 minutes, the bag was drawn up 
and then drained at 250 G with a centrifuge for 3 minutes. Then, weight W 1 (g) of the bag was measured. In addition, 
the same procedure as the above-mentioned was carried out using no water-absorbing agent, and weight W 0 (g) of the 
25 resultant bag was measured. Thus, the absorption capacity (g/g) was calculated from these weights and W 0 in 
accordance with the following equation: 

absorption capacity (g/g) = (weight W 1 (g) - weight W 0 (g))/(weight (g) of water-absorbing agent). 
30 (b) Absorption capacity under increased pressure: 

Hereinafter, first, a measurement apparatus as used for measuring the absorption capacity under increased pres- 
sure is simply explained while referring to Fig. 1 . 

As is shown in Fig. 1 , the measurement apparatus comprises: a scale 1 ; a vessel 2 of a predetermined capacity as 

35 mounted on the scale 1; an air-inhaling pipe 3; an introducing tube 4, a glass filter 6; and a measurement part 5 as 
mounted on the glass filter 6. The vessel 2 has an opening part 2a on the top and an opening part 2b on the side. The 
air-inhaling pipe 3 is inserted through the opening part 2a, and the introducing tube 4 is fitted to the opening part 2b. In 
addition, the vessel 2 contains a predetermined amount of artificial wine 1 1 (composition: an aqueous solution contain- 
ing sodium sulfate of 0.2 wt %, potassium chloride of 0.2 wt %, magnesium chloride hexahydrate of 0.05 wt %, calcium 

40 chloride dihydrate of 0.025 wt %, ammonium dihydrogen phosphate of 0.085 wt %, and diammonium hydrogen phos- 
phate of 0.015 wt %). The lower part of the air-inhaling pipe 3 is submerged in the artificial urine 1 1 . The glass filter 6 
is formed in a diameter of 70 mm. The vessel 2 and the glass filter 6 are connected to each other through the introduc- 
ing tube 4. In addition, the upper part of the glass filter 6 is fixed so as to be located a little higher than the lower end of 
the air-inhaling pipe 3. 

45 The measurement part 5 comprises: a filter paper 7; a supporting cylinder 8; a metal net 9 as attached to the bot- 
tom of the supporting cylinder 8; and a weight 10; and the measurement part 5 is formed by mounting the filter paper 7 
and the supporting cylinder 8 (i.e. metal net 9) in this order on the glass filter 6 and further mounting the weight 1 0 inside 
the supporting cylinder 8. namely, on the metal net 9. The supporting cylinder 8 is formed in an inner diameter of 60 
mm. The metal net 9 is made of stainless steel and formed in 400 mesh (mesh size: 38 urn). An arrangement is made 

so such that a predetermined amount of water-absorbing agent can uniformly be spread on the metal net 9. The weight 1 0 
is adjusted in weight such that a load of 50 g/cm 2 can uniformly be applied to the metal net 9, namely, to the water- 
absorbing agent. 

The absorption capacity under an increased pressure was measured with the measurement apparatus having the 
above-mentioned constitution. The measurement method is hereinafter explained. 
55 First, predetermined preparatory operations were made, in which, for example, a predetermined amount of the arti- 
ficial urine 1 1 was placed into the vessel 2, and the air-inhaling pipe 3 was inserted into the vessel 2. Next, the filter 
paper 7 was mounted on the glass filter 6. On the other hand, in parallel with these mounting operations, 0.9 g of water- 
absorbing agent was uniformly spread inside the supporting cylinder, namely, on the metal net 9, and the weight 10 was 
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put on the water-absorbing agent 

Next, the metal net 9, namely, the supporting cylinder 8 (in which the water-absorbing agent and the weight 1 0 were 
put) was mounted on the filter paper 7. v 

Then, weight W 2 (g) of the artificial urine 1 1 , as absorbed into the water-absorbing agent over a period of 60 min- 
utes since the supporting cylinder 8 had been mounted on the filter paper 7, was measured with the scale 1 

Then, the absorption capacity (g/g) under an increased pressure of after 60 minutes from the initiation of the 
absorption was calculated from weight W 2 in accordance with the following equation: 

absorption capacity (g/g) under increased pressure = (weight W 2 (g))/(weight (g) of water-absorbing agent), 
(c) Absorption efficiency under increased pressure: 

Immediately after the above-mentioned measurement of the absorption capacity under an increased pressure had 
been carried out, the measurement part 5 was removed from the measurement apparatus for the absorption capacity 
under an increased pressure (i.e. from the filter paper 7) in a state where the water-absorbing agent (swollen gel) as 
swollen due to the absorption of the artificial urine was present inside the supporting cylinder 8 and where the weight 
10 was put on the water-absorbing agent. The removed measurement part 5 was left on a pile of ten pieces of filter 
paper of 90 mm in diameter (Qualitative filter paper No. 2, made by Toyo Roshi Kaisha, Ltd.) for 2 minutes, thus remov- 
ing the artificial urine (clearance artificial urine as unabsorbed into the water-absorbing agent) which was present inside 
the supporting cylinder and between particles of the swollen gel. Then, weight W 3 (g) was measured in a state where 
the swollen gel was present inside the supporting cylinder and where the weight 10 was put on the gel Weight W. (a) 
of the supporting cylinder 8 and weight W 5 (g) of the weight 10. as both measured beforehand, were subtracted from 
W 3 (g) to determine weight W 6 (g) of the swollen gel of after the removal of the clearance artificial urine 

Next, the weight 10 was removed from the supporting cylinder, and the swollen gel was retrieved from inside the 
supporting cylinder every one-third of weight W 6 (g) of the swollen gel from the top, thus obtaining upper, intermediate 
and lower layers of the swollen gel. The upper layer of the retrieved gel was weighed out onto an aluminum cup and 
dried at 180 »C for 3 hours, and absorption capacity Q, (g/g) of the upper layer of the gel was determined from the 
weight of the resultant dried product, when the absorption capacity of the gel was calculated assuming that 50 % of the 
artificial urine component had been taken into the absorbing agent 

The same procedure as the above-mentioned was earned out for the lower layer of the retrieved gel to determine 
absorption capacity G2 (g/g) of the lower layer of the gel. 

tion The ' 1 ' abSOrpt '° n iciency under an increased Pressure was calculated in accordance with the following equa- 

absorption efficiency under increased pressure = Gi/G 2 . 
(d) Amount of eluting component: 

The amount of the eluting component is measured by different methods depending on crosslinked matters of par- 
tially neutrahzed polyacrylic acid and other water-absorbent resins. A colloid titration method is applied to the 
crosslinked matters of partially neutralized polyacrylic acid, and a weight measurement method is applied to the other 
water-absorbent resins. 

* Colloid titration method: 

1 .000 (g) of water-absorbent resin was added to 25 (g) of a 0.9 wt % aqueous sodium chloride solution to swell the 
resin uniformly. After 1 hour, the swollen water-absorbent resin was dispersed into 975 g of deionized water stirred for 
1 minute, and then filtered with filter paper. Next, 50 (g) of the resultant filtrate was placed into a 100 ml beaker and 1 
ml of a 0.1 N aqueous sodium hydroxide solution, 10.00 ml of an N/200 aqueous methyl glycol chitosan solution' and 4 
drop of a 0. 1 wt % aqueous Toluidine Blue solution were added to the filtrate. 

Next, the resultant solution in the beaker was subjected to colloid titration with an N/400 aqueous potassium poly- 
vinyl sulfate solution to determine titration amount A (ml) assuming that the moment at which the color of the solution 
had changed from blue to red purple was the terminal of the titration. In addition, titration amount B (ml) was determined 
by carrying out blank titration in the same way as the above-mentioned, except that 50 (g) of the filtrate was replaced 
with 50 1 (g) of de.on.zed water. Then, the amount of the eluting component (wt %) was calculated from titration amounts 
A and B and from neutralization ratio x (mol %) of the polyacrylic acid, as used as the water-absorbent resin in accord- 
ance with the following equation: 
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amount of eluting component (wt %) = (B (ml) - A (ml)) x 0.005 x [72 • (100 - x) + 94x]/100. 

* Weight measurement method: 

5 1 .000 (g) of water-absorbent resin was added to 25 (g) of a 0.9 wt % aqueous sodium chloride solution to swell the 
resin uniformly. After 1 hour, the swollen water-absorbent resin was dispersed into 975 g of deionized water, stirred for 
1 minute, and then filtered with filter paper. Next. 50 (g) of the resultant filtrate was dried, and the solid content was 
measured to calculate the amount of the eluting component (wt %) in accordance with the following equation: 

10 amount of eluting component (wt %) = ((solid content in 50 (g) of filtrate) (wt %) - (NaCI content in 

50 (g) of filtrate) (wt %)) x 20. 

(e) Molecular weight of eluting component: 

The weight-average molecular weight of the eluting component as sampled in method (d) above was determined , 
by gel permeation chromatography using 1 2 types of commercially available sodium polyacrylates, of which the respec- 
tive molecular weights were known (peak molecular weights (Mp): 1,100,000: 782,200: 467,300; 392,600; 272,900; 
193,800; 1 15,000; 28,000; 16,000; 7,500; 2,950; 1 ,250), as the standard. 

20 

(f) Evaluation as to absorbent articles {kewpie doll test): 

Seventy-five parts by weight of a water-absorbing agent ad 25 parts by weight of wood-pulverized pulp were mixed 
together in a dry manner with a mixer. Next, the resultant mixture was shaped into a web of the size of 120 mm x 350 

25 mm by pneumatically molding the mixture on a wire screen of 400 mesh (mesh size: 38 ^m) with a batch type pneu- 
matic device. In addition, this web was pressed for 5 seconds under a pressure of 2 kg/cm 2 , thus obtaining art absorb- 
ent matter of a weight of about 500 g/m 2 . 

Next, a back sheet (liquid-unpermeable sheet) of a liquid-unpermeable polypropylene with a so-called leg gather, , 
the above-mentioned absorbent matter, and a top sheet (liquid-permeable sheet) of a liquid-permeable polypropylene 

30 were attached to each other in this order with double coated tapes, and two so-called tape fasteners were then provided 
to the resultant attached product, thus obtaining an absorbent article (i.e. disposable diaper). The weight of this absorb- 
ent article was 44 g. 

This absorbent article was fitted up to each of three so-called kewpie dolls (body length: 55 cm, weight: 5 kg), and 
these dolls were laid on their faces. Then, a tube was inserted between the absorbent article and the dolls, and 70 ml 
35 of a physiological salt solution was injected through the tube every 20 minutes to a position corresponding to where 
urine is discharged on the human body. This injection operation was ended when the injected physiological salt solution 
began leaking without being absorbed into the absorbent article, and the number of times of the injection that had been 
made until then was measured. 

40 REFERENTIAL EXAMPLE 1 

A reaction solution was prepared by dissolving 3.56 g of polyethylene glycol diacrylate into 5,500 g of an aqueous 
solution of sodium acrylate with a neutralization ratio of 75 mol % (monomer concentration: 33 wt %). Next, this solution 
was degassed under a nitrogen gas atmosphere for 30 minutes, and then supplied into a reaction vessel as prepared 

45 by capping a stainless-steel-made double arm type kneader of a capacity of 1 0 liters having two sigma type wings and 
a jacket. While maintaining the reaction solution at 30 °C, the atmosphere inside the system was replaced with a nitro- 
gen gas. Next, while stirring the reaction solution, 2.4 g of ammonium persulfate and 0.12 g of L-ascorbic add were 
added, so that a polymerization reaction got started about 1 minute after. The polymerization was carried out at 30-80 
°C, and the resultant hydrogel polymer was separated out after 60 minutes from the initiation of the polymerization. 

so The resultant hydrogel polymer had a finely divided diameter of about 5 mm. This finely divided hydrogel polymer 
was spread on a 50-mesh metal net and dried at 150 °C with hot air for 90 minutes. Then, the resultant dried product 
was pulverized with a vibration mill and further classified with a sieve, thus obtaining water-absorbent resin (a) having 
a particle diameter within the range of from 300 pm to less than 600 \im. 

This resin had an absorption capacity of 58 (g/g) and an amount of the eluting component of 5.5 (wt %). The 

55 weight-average molecular weight of the eluting component was 350,000. 
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REFERENTIAL EXAMPLE 2 



Three nylon bags (20 x 30 cm) of 1 00 mesh, containing 3 (g) of water-absorbent resin (a) as obtained in Referential 
Example 1 , respectively, were prepared, placed into a pipette washer of a capacity of about 16 liters, and left under a 
deionized water flow of 1 .6 liters/min for 1 day. 

Then, the swollen water-absorbent resin was got out of the nylon bags, dried at 80 °C with hot air for 24 hours and 
classified with a sieve, thus obtaining water-absorbent resin (b) having a particle diameter within the range of from 300 
urn to less than 600 jim. 

This resin had an absorption capacity of 51 (g/g), an amount of the eluting component of 0.5 (wt %), and a water 
content of 5.7 (wt %). 

REFERENTIAL EXAMPLE 3 



Water-absorbent resin (c) having a particle diameter within the range of from 300 urn to less than 600 urn was 
obtained in the same way as of Referential Example 2 except that the leaving under a deionized water flow of 1 .6 lit- 
ers/min for 1 day was replaced with the leaving under a deionized water flow of 1 .6 liters/min for 7 days. 

The resultant resin had an absorption capacity of 56 (g/g), an amount of the eluting component of 0 1 (wt %) and 
a water content of 5.8 (wt%). h 

EXAMPLE 1 



A surface-crosslmking agent comprising 0.03 parts by weight of glycerol, 0.05 parts by weight of ethylene glycol 
diglycidyl ether, 3 parts by weight of water, 5 parts by weight of isopropyl alcohol, and 0.5 parts by weight of lactic acid 
was mixed with 100 parts by weight of water-absorbent resin (b) as obtained in Referential Example 2 The resultant 
mixture was heated at 180 °C for 20 minutes, thus obtaining water-absorbing agent (1) according to the present inven- 
tion. As to water-absorbing agent (1), Table 1 shows results of: the absorption capacity; the absorption capacity under 
an increased pressure; the absorption capacity of the upper swollen gel layer under the increased pressure- the absorp- 
tion capacity of the lower swollen gel layer under the increased pressure; the absorption efficiency under the increased 
pressure; and the kewpie doll test. 



EXAMPLE 2 



A surface-crosslmking agent comprising 0.03 parts by weight of glycerol, 0.05 parts by weight of ethylene glycol 
diglycidyl ether, 3 parts by weight of water, 5 parts by weight of isopropyl alcohol, and 0.5 parts by weight of lactic acid 
was mixed with 100 parts by weight of water-absorbent resin (c) as obtained in Referential Example 3. The resultant 
mixture was heated at 120 °C for 1 5 minutes, thus obtaining water-absorbing agent (2) according to the present inven- 
tion. As to water-absorbing agent (2), Table 1 shows results of: the absorption capacity; the absorption capacity under 
an increased pressure; the absorption capacity of the upper swollen gel layer under the increased pressure- the absorp- 
tion capacity of the lower swollen gel layer under the increased pressure; the absorption efficiency under the increased 
pressure; and the kewpie doll test. 



COMPARATIVE EXAMPLE 1 



A surface-crosslmking agent comprising 0.03 parts by weight of glycerol, 0.05 parts by weight of ethylene glycol 
diglycidyl ether, 3 parts by weight of water, 5 parts by weight of isopropyl alcohol, and 0.5 parts by weight of lactic acid 
was mixed with 100 parts by weight of water-absorbent resin (a) as obtained in Referential Example 1. The resultant 
mixture was heated at 180 °C for 20 minutes, thus obtaining comparative water-absorbing agent (1) not according to 
the present invention. As to comparative water-absorbing agent (1), Table 1 shows results of: the absorption capacity 
the absorption capacity under an increased pressure; the absorption capacity of the upper swollen gel layer under the 
increased pressure; the absorption capacity of the lower swollen gel layer under the increased pressure; the absorption 
efficiency under the increased pressure; and the kewpie doll test. 

COMPARATIVE EXAMPLE 2 

A surface-crosslinking agent comprising 0.7 parts by weight of glycerol, 0.1 parts by weight of ethylene glycol dig- 
lycidyl ether, 4 parts by weight of water, 5 parts by weight of isopropyl alcohol, and 1 part by weight of lactic acid was 
mixed with 1 00 parts by weight of water-absorbent resin (a) as obtained in Referential Example 1 . The resultant mixture 
was heated at 180 °C for 50 minutes, thus obtaining comparative water-absorbing agent (2) not according to the 
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present invention. As to comparative water-absorbing agent (2), Table 1 shows results of: the absorption capacity; the 
absorption capacity under an increased pressure; the absorption capacity of the upper swollen gel layer under the 
increased pressure; the absorption capacity of the lower swollen gel layer under the increased pressure; the absorption 
efficiency under the increased pressure; and the kewpie doll test 

5 

REFERENTIAL EXAMPLE 4 

A reaction solution was prepared by dissolving 23.43 g of polyethylene glycol diacryiate and 5.79 g of sodium hypo- 
phosphite monohydrate into 5,500 g of an aqueous solution of sodium acrylate with a neutralization ratio of 75 mol % 

w (monomer concentration: 39 wt %). Next, this solution was degassed under a nitrogen gas atmosphere for 30 minutes, 
and then supplied into the same reaction vessel as that used in Referential Example 1 . While maintaining the reaction 
solution at 30 °C, the atmosphere inside the system was replaced with a nitrogen gas. Next, while stiring the reaction 
solution, 2.4 g of ammonium persulfate and 0.12 g of L-ascorbic acid were added, so that a polymerization reaction got 
started about 1 minute after. The polymerization was carried out at 30-80 °C, and the resultant hydrogel polymer was 

is separated out after 60 minutes from the initiation of the polymerization. 

The resultant hydrogel polymer had a finely divided diameter of about 5 mm. This finely divided hydrogel polymer . 
was spread on a 50-mesh metal net and dried at 150 °C with hot air for 90 minutes. Then, the resultant dried product 
was pulverized with a vibration mill and further classified with a sieve, thus obtaining water-absorbent resin (d) having 
a particle diameter within the range of from 300 jim to less than 600 u/n. This resin had an absorption capacity of 48 

20 (g/g). an amount of the eluting component of 1 1 .7 (wt %), and a weight-average molecular weight of the eluting compo- 
nent of 120,000. 

Three nylon bags (20 x 30 cm) of 100 mesh, containing 3 (g) of the resultant water-absorbent resin (d), respec- 
tively, were prepared, placed into a pipette washer of a capacity of about 1 6 liters, and left under a deionized water flow 
of 1 .6 liters/min for 1 day. Then, the swollen water-absorbent resin was got out of the nylon bags, dried at 80 °C with hot 
25 air for 24 hours, and classified with a sieve, thus obtaining water-absorbent resin (e) having a particle diameter within 
the range of from 300 jim to less than 600 urn. 

This resin had an absorption capacity of 51 (g/g) and an amount of the eluting component of 0.1 (wt %). 

EXAMPLE 3 

30 

A surface-crosslinking agent comprising 0.1 parts by weight of ethylene glycol diglycidyl ether, 1 part by weight of 
propylene glycol, 3 parts by weight of water, and 2 parts by weight of isopropyl alcohol was mixed with 100 parts by 
weight of water-absorbent resin (e) as obtained in Referential Example 4. The resultant mixture was heated at 120 °C 
for 15 minutes, thus obtaining water-absorbing agent (3) according to the present invention. As to water-absorbing 
35 agent (3), Table 1 shows results of: the absorption capacity; the absorption capacity under an increased pressure; the 
absorption capacity of the upper swollen gel layer under the increased pressure; the absorption capacity of the lower 
swollen gel layer under the increased pressure; the absorption efficiency under the increased pressure; and the kewpie 
doll test. 

40 REFERENTIAL EXAMPLE 5 

A reaction solution was prepared by dissolving 4.96 g of polyethylene glycol diacryiate into 5,500 g of an aqueous 
solution of sodium acrylate with a neutralization ratio of 75 mol % (monomer concentration: 33 wt %). Next, this solution 
was degassed under a nitrogen gas atmosphere for 30 minutes, and then supplied into a reaction vessel as prepared 

45 by capping a stainless-steel-made double arm type kneader of a capacity of 1 0 liters having two sigma type wings and 
a jacket. While maintaining the reaction solution at 30 °C, the atmosphere inside the system was replaced with a nitro- 
gen gas. Next, while stirring the reaction solution, 2.46 g of sodium persulfate and 0.10 g of L-ascorbic acid were added, 
so that a polymerization reaction got started about 1 minute after. The polymerization was carried out at 30-80 °C, and 
the resultant hydrogel polymer was separated out after 60 minutes from the initiation of the polymerization. 

so The resultant hydrogel polymer had a finely divided diameter of about 5 mm. This finely divided hydrogel polymer 
was spread on a 50-mesh metal net and dried at 150 °C with hot air for 90 minutes. Then, the resultant dried product 
was pulverized with a vibration mill and further classified with a sieve, thus obtaining water-absorbent resin (f) of which 
98 wt % comprised particles with a particle diameter range of from 106 to less than 500 jim. 

55 REFERENTIAL EXAMPLE 6 

An aqueous acrylic acid solution, as prepared by mixing homogeneously 160.0 parts by weight of acrylic acid, 
622.5 parts by weight of ion-exchanged water, and 0.342 parts by weight of N.N'-methylenebisacrylamide, was placed 
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2 at Ts Tc ? 8 Z?h T1 3 n,fr09en 935 atmos P here - N **- while maintaining the acrylic acki solu- 

tion at 1 5 C. 9.6 parts by weight of a 5 wt % aqueous solution of 2,2'-azobis(2-amidinopropane) dihydrochloride (trade 
name. V-50. made 

coade solution and 4.0 parts by weight of a 1 wt % aqueous L-ascorbic acid solution were added and mixed aSSi- 

stationary adiabatic polymerization was continued for 1.5 hours, and the resultant hydrogel polymer was separated 
from the reaction vessel and then placed into a kneader wrth a jacket of 70 °C, and then *e blade of th^eadTwS 
♦ thUS dividi " 9 ,ine,y the hydr °9 el into *«* 1 to about 5 mm. Thereafter, the hydrtgel wat nt, 

neutr^ized until the color of phenolphthalein, as used as the indicator, had entirely disappeared. Furthermore thenai- 
tralized hydrogel was dned with a hot air dryer of 160 X for 1 hour, and then pulverized with a portaSeZeHzer Zi 
then classified with a sieve, thus obtaining water-absorbent resin (g) of -which 97 wt % comprised particlesS a p^S 
cfo diameter range of from 106 pm to less than 500 pm. The neutralization ratio of this wSer-abS*ent reS *£% 



REFERENTIAL EXAMPLE 7 



aqueous acrylic acid solution . as prepared by mixing homogeneously 160.0 parts by weight of acrylic acid 
622.5 parte by weight of ion-exchanged water, and 0.342 parts by weight of N N^methytenebiSamide was S 

Z a M^ n ^ VeS f 'I 935566 ^ 3 nitr09en 938 Ne * ^ntaining tJe^ic acid ^ 

™ ' 9 ^.P 3 ^ by ^'9^ o* « S wt % aqueous solution of a.Z -azobi^a-amidinc^ropane) dihydrochlor^e ftSe 
name: V-50, made by Wato Pure Chemical Industries, Ltd.). 4.57 parts by weight of a uS aqueouTSen ptr 
oxde solution and 4.0 parts by weight of a 1 wt % aqueous L-ascorbic acid solution were added and mixSSXi- 

SnT a S n, ° T aCry "' C ^ SOlUtfon ' 80 th3t 3 ^ meriza ' ion action got started about 1 mini aftSTn 
stationary adiabatic polymerization was continued for 1.5 hours, and the resultant hydrogel polymer was sepa 2 

TJTT 0 " VeSS6 ' and then P,aced int0 a hneader m * a ' acket of 7 ° "C, and then tfTe blade of the^e^ wS 
stirrecL for 20 minutes, thus dividing finely the hydrogel into about 1 to about 5 mm. Thereafter, the hydrogS wVs Z 
trahzed with 88.2 parts by weight of sodium carbonate, when the hydrogel was uniformly neutralized uSe^oto^ of 
phenolphthalein, as used as the indicator, had entirely disappeared. Furthermore, the neutralized rydrcl wa?dr i 
TJJZ t . a / rdr ^ 0,1 h 600 C'oM hour, and men prized with a 

thus obtaining water-absorbent resin (h) of which 97 wt % comprised particles with a particle diameter range of fr^m 
106 urn to less than 500 pm. The neutralization ratio of this water-absorbent resin was 75 mol % 

EXAMPLE 4 

™. A , ^^^f nkin 9 aae" 1 comprising 0.1 parts by weight of propylene glycol. 0.03 parts by weight of glycerol 
polyglycidyl ether ,3 parts by weight of water, and 1 part by weight of isopropyl alcohol was mixea wrth 100 S 

ttSTT*?- reSi " ( ° 38 in Referential Exam P |e 5 - TheTesultant mixture wTs heated anS-C 

LrnrT S c k ^ a,ni "9 ^/absorbing agent (4) according to the present invention. As to wate,-abso*ing 
agent (4), Table 1 shows results of: the absorption capacity; the absorption capacity under an increased pressure- the 
absorption capacity of the upper swollen get layer under the increased pressure; the absorption capadK ^ofthe lower 
swaNen ge. layer under the increased pressure; the absorption efficiency urxJerfte increased pres^ 

EXAMPLE 5 

A surface-crosslinking agent comprising 1 .0 part by weight of propylene glycol, 0.03 parte by weight of ethylene alv- 
coldglyady ether. 3 parts by weight of water, and 1 part by weight of isoprcpyl alcoholwas LSSlh foo pTrts by 

fo ' f SStSJST- reSi " W t " ^ in Refere " ,ial Ex3mp,e 5 ' The resullant mixture ™ Sed anS 3 
Sit H h "I I water-absorbing agent (5) according to the present invention. As to water-absorbing 
agent (5). Table 1 shows results of: the absorption capacity; the absorption capacity under an increased presses £e 
absorption capacity of the upper swolien ge. layer under the increased pressure; *e absor^^ 
swonen ge. layer under the increased pressure; the absorption efficiency under the increased pressuHdtheSS 

EXAMPLE 6 

Asurface-crosslinking agent comprising 1 .0 part by weightof propylene glycol, 0.05 parts by weight of ethylene gly- 
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col diglycldyl ether, 3 parts by weight of water, and 3 parts by weight of isopropyl alcohol was mixed with 100 parts by 
weight of water-absorbent resin (g) as obtained in Referential Example 6. The resultant mixture was heated at 190 °C 
for 50 minutes, thus obtaining water-absorbing agent (6) according to the present invention. As to water-absorbing 
agent (6), Table 1 shows results of: the absorption capacity; the absorption capacity under an increased pressure; the 
5 absorption capacity of the upper swollen gel layer under the increased pressure; the absorption capacity of the lower 
swollen gel layer under the increased pressure; the absorption efficiency under the increased pressure; and the kewpie 
doll test. 



EXAMPLE 7 

10 

A surface-crosslinking agent comprising 1 .0 part by weight of ethylene carbonate, 0.03 parts by weight of ethylene 
glycol diglycidyl ether, 3 parts by weight of water, and 1 part by weight of isopropyl alcohol was mixed with 100 parts by 
weight of water-absorbent resin (h) as obtained in Referential Example 7. The resultant mixture was heated at 1 90 °C 
for 50 minutes, thus obtaining water-absorbing agent (7) according to the present invention. As to water-absorbing 
is agent (7), Table 1 shows results of: the absorption capacity; the absorption capacity under an increased pressure; the 
absorption capacity of the upper swollen gel layer under the increased pressure; the absorption capacity of the lower 
swollen gel layer under the increased pressure; the absorption efficiency under the increased pressure; and the kewpie 
doll test. 

20 COMPARATIVE EXAMPLE 3 

A surface-crosslinking agent comprising 0.5 parts by weight of glycerol, 2 parts by weight of water, and 2 parts by 
weight of isopropyl alcohol was mixed with 100 parts by weight of water-absorbent resin (f) as obtained in Referential 
Example 5. The resultant mixture was heated at 190 °C for 50 minutes, thus obtaining comparative water-absorbing 
25 agent (3) not according to the present invention. As to comparative water-absorbing agent (3), Table 1 shows results of: 
the absorption capacity; the absorption capacity under an increased pressure; the absorption capacity of the upper 
swollen gel layer under the increased pressure; the absorption capacity of the lower swollen gel layer under the 
increased pressure; the absorption efficiency under the increased pressure; and the kewpie doll test. 

30 COMPARATIVE EXAMPLE 4 

A surface-crosslinking agent comprising 0.5 parts by weight of glycerol, 0.05 parts by weight of glycerol polyglycidyl 
ether, 3 parts by weight of water, and 1 part by weight of isopropyl alcohol was mixed with 1 00 parts by weight of water- 
absorbent resin (h) as obtained in Referential Example 7. The resultant mixture was heated at 180 °C for 20 minutes, 
35 thus obtaining comparative water-absorbing agent (4) not according to the present invention. As to comparative water- 
absorbing agent (4), Table 1 shows results of: the absorption capacity; the absorption capacity under an increased 
pressure; the absorption capacity of the upper swollen gel layer under the increased pressure; the absorption capacity 
of the lower swollen gel layer under the increased pressure; the absorption efficiency under the increased pressure; and 
the kewpie doll test. 



45 
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Number of times 
of injection into 
each kewpie doll 


I- 


cnTfTt ro tJ- tj- co co co 


CO 






CO 


S- 




CO 


Absorption 
efficiency 
under 


pressure 


0.77 
0.76 
0.73 
. 0.65 
0.65 
0.68 
0.48 
0.59 
0.64 
0.36 


IT) 
CO 

© 


Absorption Absorption 
capacity of capacity of 

upper lower 
swollen gel swollen gel 
layer under layer under 
increased increased 
pressure pressure 
(g/g) (g/g) 


27.9 36.1 

28.6 37.8 

31.7 43.7 

26.8 41.3 

28.6 43.7 

31.4 46.0 
22.0 46.0 

23.7 40.1 
23.3 36.4 

15.5 43.2 

15.8 45.0 


Absorption 
capacity 
under 
increased 
pressure 
; (g/g) 


34.6 
34.8 
• 39.6 
36.5 
38.0 
40.5 
35.3 
34.4 
32.1 
29.8 
31.6 


Absorption 
capacity 

(g/g) 

* 


28.4 
31.1 
. 37.1 
35.2 
37.6 
38.6 
39.2 
33.0 
28.9 
38.2 
39.6 


Amount of 
eluting 
• component 
in water- 
absorbent 
resin use a 
(wt %) 


""5 ~ ~ I I ! <n vn } 
© © © ! 1 1 ! io 1 






Water-absorbing 

agent (1) 
Water-absorbing 

agent (2) 
Water-absorbing 

agent (3) 
Water-absorbing 

agent (4) 
Water-absorbing 

agent (5) 
Water-absorbing 

agent (6) 
Water-absorbing 

agent (7) 
Comparative water- 
absorbing agent (1) 
Comparative water- 
absorbing agent (2) 
Comparative water- 
absorbing agent (3) 
Comparative water- 
absorbing agent (4) 




Example 1 
Example 2 
Example 3 
Example 4 
Example 5 
Example 6 
Example 7 

Comparative 

Example 1 
Comparative 

Example 2 
Comparative 

Example 3 
Comparative 

Example 4 



As is clear from the results as shown in Table 1 , the water-absorbing agent according to the present invention dis- 
plays high absorption efficiency under an increased pressure. Such a water-absorbing agent was obtained for the first 
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dime by a process in which, like in Examples 1 to 3, a water-absorbent resin, having an amount of the eluting compo- 
nent of 1 part by weight or less per 100 parts by weight of the water-absorbent resin, was heated in the presence of a 
surface-crosslinking agent, or by a process in which: like in Examples 4 to 7, the particle diameter of a water-absorbent 
resin was adjusted so as to substantially fall within the range of from 106 to less than 500 *im by operations such as 
classification; and the resin was then heated in the presence of two or more surface-crosslinking agents of different sol- 
ubility parameter ranges. 

Various details of the invention may be changed without departing from its spirit not its scope. Furthermore, the 
foregoing description of the preferred embodiments according to the present invention is provided for the purpose of 
illustration only, and not for the purpose of limiting the invention as defined by the appended claims and their equiva- 
lents. 



Claims 



A water-absorbing agent, having an absorption capacity of 30 (g/g) or more and an absorption efficiency of 0.7 or 
more under an increased pressure, wherein the absorption efficiency under the increased pressure is shown by the 
following equation: 



• , , i rt „ MeoH nraec( water absorbing agent under increased pressure 
absorption efficiency under increased pressure = absorpt|0n capacjty of |ower ^ ollen ge| layer of 



absorption capacity of upper swollen gel layer of 
water absorbing agent under increased pressure 
absorption capacity of lower swollen gel layer of 
water absorbing agent under increased pressure 



2. A water-absorbing agent, having an absorption capacity of a lower swollen gel layer of 45 (g/g) or more and an 
absorption efficiency of 0.4 or more under an increased pressure, wherein the absorption efficiency under the 
increased pressure is shown by the following equation: 



. . . water absorbing agen t under increased pressure 

absorption efficiency under increased pressure = absorp|lQn pf ^ g pf 



absorption capacity of upper swollen gel layer of 
water absorbing agent under increased pressure 
absorption capacity of lower swollen gel layer of 
water absorbing agent under increased pressure 



A water-absorbing agent, having an absorption capacity of a lower swollen gel layer of 30 (g/g) or more and an 
absorption efficiency of 0.3 or more under an increased pressure, wherein the absorption efficiency under the 
increased pressure is shown by the following equation: 



„. . . . . ^ water absorbing agent under i ncreased pressure 

absorption efficiency under increased pressure = absorption cap a aci ? y of | 0wer pollen gel layer of 



absorption capacity of upper swollen gel layer of 
water absorbing agent under increased pressure 
absorption capacity of lower swollen gel layer of 
water absorbing agent under increased pressure 



and wherein the relationship between the absorption efficiency and the absorption capacity of the lower swollen gel 
layer under the increased pressure is defined by the following equation: 

absorption efficiency under increased pressure > 1.82-2.93x10" 2 x 
(absorption capacity of lower swollen gel layer under increased pressure). 

4. A process for producing a water-absorbing agent, comprising the step of heating in the presence of a surface- 
crosslinking agent a water-absorbent resin having an absorption capacity of 40 (g/g) or more and an amount of an 
eluting component of 1 part by weight or less per 100 parts by weight of the water-absorbent resin. 

5. A process according to claim 4, wherein the water-absorbent resin is beforehand treated with a hydrophilic solution. 

6. A process for producing a water-absorbing agent, comprising the steps of: polymerizing a water-absorbent resin in 
the presence of a water-soluble chain transfer agent; treating the polymerized water-absorbent resin with a 



19 



EP 0 837 076 A2 



hydrophilic solution; and heating the treated water-absorbent resin in the presence of a surface-crosslinking agent. 

A process for producing a water-absorbing agent, comprising the steps of: treating with a hydrophilic solution a 
water-absorbent resin of which the weight-average molecular weight of an eluting component is 200,000 or less- 
and heating the treated water-absorbent resin in the presence of a surface-crosslinking agent. 
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(54) Water-absorbing agent and production process therefor 

(57) The invention provides a water-absorbing agent, which has high absorption capacity and excellent absorption 
efficiency under increased pressure and can display excellent water absorption properties when used for sanitary mate- 
rials even if the resin concentration of a water-absorbent resin is high. The water-absorbing agent has an absorption 
capacity of 30 (g/g) or more and the below-defined absorption efficiency of 0.7 or more under increased pressure. This 
agent can be obtained by heating in the presence of a surface-crosslinking agent a water-absorbent resin having an 
absorption capacity of 40 (g/g) or more and an amount of an eluting component of 1 wt % or less relative to the water- 
absorbent resin, or by: polymerizing a water-absorbent resin in the presence of a chain transfer agent; treating the 
polymerized resin with a hydrophilic solution; and heating the treated resin in the presence of a surface-crosslinking 
agent. 

absorption capacity of upper swollen gel layer of 

absorption efficiency under increased pressure = water absorbi n 9 a 9 ent ""der increased pressure 

absorption capacity of lower swollen gel layer of 

water absorbing agent under increased pressure 
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